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Abstract
We study the contributions of the non-standard neutrino interactions (NSIs) to the rare meson
decays of K+ → pi+νν¯ and D+ → pi+νν¯. We show that both decays could provide strong con-
straints on the free parameters in the NSIs. We point out that the branching ratio of D+ → pi+νν¯
could be at the level of 10−8.
∗ Email: physchen@mail.ncku.edu.tw
† Email: geng@phys.nthu.edu.tw
‡ Email: tcyuan@phys.nthu.edu.tw
1
It has been widely anticipated to have new physics beyond the Standard Model (SM)
in the neutrino sector due to the results of atmospheric and solar neutrino oscillations
experiments [1]. In particular, it has been proposed to have new effective four-fermion
interactions involving neutrinos, called non-standard neutrino interactions (NSIs) [2, 3, 4, 5],
given by [6]
LNSIeff = −2
√
2GF ε
fP
ℓℓ′ (ν¯ℓγµLνℓ′)(f¯γ
µPf) , (1)
where the index of ℓ(ℓ′) corresponds to the light neutrino flavor, f denotes a charged lepton
or quark in the first generation, and P = L or R with L(R) = (1 ∓ γ5)/2. It has been
shown that the NSIs would be compatible with the oscillation effects along with some new
features in various neutrino searches [7, 8, 9]. The experimental constraints on NSIs have
been studied in Refs. [6, 10, 11]. In particular, the authors in Ref. [6] have also pointed
out that the lepton flavor violating decays of µ → 3e, τ → (e, µ)ee, τ → (e, µ)M with
M = ρ or π, and the µ − e conversion on nuclei could be induced through one-loop effects
and give some stringent constraints on the parameters of εfPℓℓ′ in Eq. (1). Explicitly, ε
fP
µe
and εfPτℓ (ℓ = e, µ) are limited to be less than 10
−3 and order of one, respectively. On the
other hand, for the flavor diagonal NSIs in the first two generations, εfPee,µµ are constrained
by the tree level processes in the low energy scattering experiments and could be limited at
the level of O(10−3) in future sin2 θW experiments. For the third generation, ε
fP
ττ is presently
bounded to be order of one by the LEP experiments but its future limit can be slightly
improved to be O(0.3) [6] from KamLAND [12] and solar neutrino data [13, 14]. Note that
although the constraints on the parameters of εfPτℓ (ℓ = e, µ) can be given by the precision
measurements on sin2 θW at neutrino factories but the bounds can only be O(10
−2) [6, 15].
In this brief report, we will study two new processes of K+ → π+νν¯ and D+ → π+νν¯ in
the framework of the NSIs. We will show that the parameters involving τ neutrino in εuLℓℓ′
could be limited to be less than 10−2 by the rare decay K+ → π+νν¯. We will also display
the branching ratio (BR) of D+ → π+νℓν¯ℓ′ could be at the level of 10−8 due to the NSI,
which could be accessible to BESIII [16].
We start with the decay ofK+ → π+νν¯. Since we are not going to deal with CP violation,
we will skip the discussion of the CP violating mode of KL → π0νν¯, which is nevertheless
interesting on its own [17]. It is well known that at the quark level, the effective Hamiltonian
2
for s→ dνν¯ in the SM is given by [18]
H =
GF√
2
αem
2π sin2 θW
∑
ℓ=e,µ,τ
(
V ∗csVcdX
ℓ
NL + V
∗
tsVtdX(xt)
)
(s¯d)V−A(ν¯ℓνℓ)V−A (2)
where (f¯ f ′)V−A = f¯γµ(1− γ5)f ′, XℓNL denotes the charm quark contributions, and X(xt) is
the loop integral of the top quark contribution given by
X(xt) = ηX
xt
8
[
xt + 2
xt − 1 +
3xt − 6
(xt − 1)2 ln xt
]
(3)
with xt = m
2
t/m
2
W and ηX = 0.985 being the QCD short-distance correction. The SM
prediction for BR(K+ → π+ν¯ν)SM at the next-to-next-to-leading order is found to be (8.0±
1.1)× 10−11 [19], which is smaller than the data of BR(K+ → π+νν¯)exp = (1.5+1.3−0.9)× 10−10
[20]. If future data still keep the tendency toward a larger central value, due to the small
theoretical uncertainties [21], it should indicate the existence of new physics. Note that with
BR(K+ → π+νν¯) ∼ 10−10 it is possible to collect 40 signal events per year at the NA48/3
experiment of CERN-SPS [22, 23].
The NSIs in Eq. (1) can also induce the process s→ dνℓν¯ℓ′ through a one-loop diagram,
as illustrated in Fig. 1. As a result, the following four-fermion interaction can be induced
HNSIs→dνℓν¯ℓ′ = −
GF√
2
(
V ∗usVud
αem
4π sin2 θW
εuLℓℓ′ ln
Λ
mW
)
(ν¯ℓνℓ′)V−A(s¯d)V−A (4)
where Λ denotes the new physics energy scale above the weak scale with ln(Λ/mW ) > 1.
From Eq. (4), the BR for K+ → π+νℓν¯ℓ′ from the NSIs is found to be
s
u
d
u
W
νℓ
νℓ′
FIG. 1: Flavor diagram for the s→ dνℓν¯ℓ′ .
BR(K+ → π+νℓν¯ℓ′)NSI = κ+
3
∣∣∣∣V ∗usVud12εuLℓℓ′ ln
Λ
mW
∣∣∣∣
2
BR(K+ → π0e+νe) , (5)
3
with
κ+ = rK+
3α2em
|Vus|22π2 sin4 θW
, (6)
where the factor of 3 in κ+ comes from the number of neutrino species and rK+ = 0.901
denotes the isospin breaking effects [24]. Numerically, it is given by
BR(K+ → π+νℓν¯ℓ′)NSI ≈ 6.5× 10−7
∣∣∣∣εuLℓℓ′ ln ΛmW
∣∣∣∣
2
, (7)
where we have used BR(K+ → π0e+νe) = (4.98 ± 0.07)% [1]. For simplicity, we will avoid
the complicated interference effects to get the constraint on the free parameters directly
by setting the upper bound for the contribution from the NSIs in Eq. (7) to be less than
∆BR ≡ BRexp − BRSM = C × 10−10 with C ∼ 0.5. Hence, we obtain the upper limit on εuLℓℓ′
to be
εuLℓℓ′ .
C
0.5
8.8× 10−3
ln Λ/mW
. (8)
Since ℓ or ℓ′ can represent any charged lepton, the decay of K+ → π+νν¯ could give strong
constraints on the parameters involving ντ .
Next, we discuss the NSIs on D+ → π+νν¯. It is well known that unlike the K and B
systems, where the FCNC processes are enhanced by the internal heavy top-quark loop, the
loop induced rare decays of the charmed mesons are highly suppressed in the SM as they
involve the light down-quark sector and the GIM cancellation. It has been estimated that
BR(D+ → π+νν¯)SM ∼ 5.1 × 10−16 with long-distance QCD contributions included in the
SM [25]. Obviously, it cannot be reached by future experiments such as BESIII, where the
sensitivity on the rare charmed meson decays will be reached only at the level of 10−8 or
so [16]. It is clear that if there is any evidence with BR(D+ → π+νν¯) ∼ 10−8 in the future
experiment, it will definitely indicate the existence of new physics.
The NSIs in Eq. (1) can also induce the transition c → uνℓν¯ℓ′ at one-loop level with
a Feynman diagram displayed in Fig. 2. Similar to s → dνℓν¯ℓ′, the following effective
interaction for c→ uνℓν¯ℓ′ can be obtained
HNSIc→uνℓν¯ℓ′ =
GF√
2
(
αem
4π sin2 θW
VcdV
∗
udε
dL
ℓℓ′ ln
Λ
mW
)
(ν¯ℓνℓ′)V−A(c¯u)V−A , (9)
which leads to
BR(D+ → π+νℓν¯ℓ′)NSI =
∣∣∣∣V ∗ud αem4π sin2 θW ε
dL
ℓℓ′ ln
Λ
mW
∣∣∣∣
2
BR(D¯0 → π+eν¯e) . (10)
4
cd
u
d
W
νℓ
νℓ′
FIG. 2: Flavor diagram for the c→ uνℓν¯ℓ′ .
Numerically, we obtain
BR(D+ → π+νℓν¯ℓ′)NSI ≈ 2× 10−8
∣∣∣∣εdLℓℓ′ ln ΛmW
∣∣∣∣
2
, (11)
where we have used BR(D¯0 → π+eν¯e) = (2.81 ± 0.19) × 10−3 [1]. For ln(Λ/mW ) ∼ 1,
εdLττ ∼ 1, and εdLℓℓ′ < 1 (ℓ, ℓ′ 6= τ), we get BR(D+ → π+νν¯) ∼ 2 × 10−8, which could be
reached at a future dedicated experiment [26] such as BESIII [16]. Turning this argument
around, if future searches of these rare D decay modes at the level of 10−8 turn out to be
nil at BESIII, useful constraints on the couplings εdLℓℓ′ can be deduced.
To recap, we have studied K+ → π+νν¯ and D+ → π+νν¯ in the framework of the
NSIs. We have shown that both rare decays could provide strong constraints on the free
parameters in the NSIs. Explicitly, we have found that εuLℓℓ′ and ε
dL
ℓℓ′ could be limited to be
less than 10−2 and order of one by the current and future experiments for K+ → π+νν¯ and
D+ → π+νν¯, respectively. Finally, we remark that BR(D+ → π+νν¯) could be at the level
of 10−8 due to the NSIs, which could be accessible to BESIII [16].
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